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(54) An energy-sensitive resist material and a process for device fabrication using an 
energy-sensitive resist material 



(57) The present invention is directed to a process 
for device fabrication and res ist materials that are used 
in the process. The rcsisl material contains a polymer 
that is the polymerization product of a monomer that 
contains alicyclic moieties and at least one other mon- 
omer. The polymer is formed by free radical polymeri- 
zation, and the resulting polymer either has alicyclic 
moieties incorporated into the polymer backbone or 
pendant to the polymer backbone via satuiatsd hydro- 
carbon linkages. Other monomers are selected 1or po- 
lymerization w>th the alicyclic moiety-containing mono- 
mer on the basis of the ability of the monomer to copo- 
Ivmerize by free radical polymerization. Although the 
polymers are contemplated as useful in resist materials 
that are sensitive to radiation in the ultraviolet, and x-ray 
wavelengths as well as sensitive to electron beam raoi- 
ation, the polymers are particularly advantageous for 



use in process in which the exposing radiation is 193 
nm, because the amount ot ethylenic unsaturation in 
these resiGt materials is low. 

In one embodiment the resist material contains the 
polymer in combination with a dissolution inhibitor and 
a photoacid generatoi (PAG). In another embodiment., 
the polymer has acid labile groups pendant thereto 
which significantly decrease the solubility of the polymer 
In a solution of aqueous base. In either embodiment, a 
film of the resist material is formed on a substrate and 
exposed to delineating radiation. The radiation induces 
a chemical change in the resist material rendering the 
exposed resist material substantially more soluble in 
aqueous base solution than the unexposed portion ol 
Ihe resist material. The image introduced into the resist 
material is developed using conventional techniques, 
and the resulting pattern is then transferred into the un- 
derlying substrate. 
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D ^scrfetlon 

C LAIM OF PRIORITY 

5 This application claims priority of P r ovisional Application Serial No. 6C/01 3 093 filed March 8, ■ 996. 

& ACKGROUND OF THE INVENTION 
.TECHNICAL FIELD 

TO 

The invention is directed to an energy sensitive material and a process for oevice fabrication in which the energy 
sensitive resist material is used. 

A.RT BACKGROUND 

15 

Devices such as integrated circuits are complex structures made of a variety of materials. These materials are 
p recisely configured to lomn the desired device by a variety of processes. A lithographic process is frequently used to 
transfer the desired configuration into a substrate to fabricate such devices. 

Lithographic processes use intermediate materials frequently referred to as resists. A positive or negative image 

23 of tho doeircd configuration is first introoucod into tho resist by oxposmg it to patterned radiation which inauccs a 
chemical change in the exposed portions of the resist. This chemical change is then exploited to develop a pattern in 
the resist, which is then transferred into the substrate underlying the resist. 

The efficacy o! a lithographic process depends at least in part on the resist used to transfer tha pattern into the 
substrat8. Certain types of resists offer particular advantages in the context of specific lithographic processes. For 

25 ©xample, solution-developed resists are designed to have absorption characteristics appropriate for use at certain 
exposure wavelengths. It is axiomatic that, if the resist material is opaque to tha exposing radiation, the exposing 
radiation will not be transmitted into tho resist material and the desired chemical change will not occur. Therefore it is 
important to select a resist material that has the appropriate light transmission characteristics at the wavelength of the 
exposing radiation. Other considerations that drive the selection of an appropriate resist material include the etch 

30 resistance of the resist after it has been exposed and developed. 

In this regard, resist materials that contain polymers with ethylenic and'or aromatic unsaturation are typicafly used 
in lithographic processes for dovico fabrication in which the wavelength of the exposing radiation is in the traditional 
ultraviolet (UV) or deep UV range (l.e.. about 240 nm to about 370 nm). However these resist materials are often not 
suitable 'n processes in which the exposing radiation is 193 nm because the carbon-carbon double bond absorbs 

35 radiation at this wavelength. Consequently resist materials that are being used for lithographic processes in which the 
exposing radiation has a wavelength of 248 nmor more are generally not useful in processes that use exposing radiation 
with a wavelength of 1 93 nm. Since lithographic processes for fabricating devices using 0.19 urn and 0.1 3 urn design 
rules are likely to use 1 93 nrn-wavelength lighl as the exposing radiation, lesist polymers that do not contain significant 
amounts of ethylenic unsaturation are sought. 

40 one type of resist material thai has been suggested as suitable for 193 nm lithographic processes contains a 

derivatized acrylate or methacrylate copolymer. While resist materials that contain these copolymers demonstrate 
adequate sensitivity to 193nm wavelength radiation, the plasma etch resistar.ee of these copolymers does not meet 
current processing requirements. Therefore, resist materials that are compatible with 193 nm lithographic processes 
are desired. 

45 

SUMMARY OF THE INVENTION 

The present invention is directed to a lithographic process for device fabrication which utilizes an energy sensitive 
resist material that contains a polymer with saturated alicyclic moieties incorporated either in the polymer backbone 

so or attached to the polymer backbone via saturated hydrocarbon linkages It is advantageous f about 25 mole percent 
to about 50 mole percent of the polymer constitutes monomers that contain these alicyclic moieties. For convenience 
herein, the polymer is described in terms ol the individual molecules (i.e., monomers) that are polymerized to form the 
polymer. The alicyclic moiety is advantageous because the polymers with alicyclic moieties therein have an advanta- 
geous resistance to plasma etching that is useful in processes for device fabrication. 

55 The polymer is a copolymer of an alicyclic moiety-containing monomer (alicyclic monomer hereinafter) and at least 

one other monomer. The alicyclic moiety in the monomer is one or more hydrocarbon rings with one or more ethylenically 
unsaturated bonds. The ethylenic functionality of the monomer is either contained in the hydrocarbon ring or pendant 
to the hydrocarbon ring. The alicyclic monomer is either substituted or un substituted. Examples of suitable substituent 
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groups include alkyi groups, carocnyl groups, carboxylate groups, hydroxy! groups and nitrile groups. These groups 
a re offered by way of example only. Subsliluenl groups that do nol absorb radialbn al Ihe wavelength of the exposing 
radiation are coniemplated as suitable. Examples ot suitable alicyclic monomers arecyclooletins such as norbornene, 
and cyclodiolefins such as 1,5-cyclooctadiene, LS-dimethyl-LS-cyclooctadiene, and5,6-dihydrodicyclopentadiene. 

5 The second monomer is one that copolymerizes with the alicyclic monomer via a free radical polymerization. It is 

acdvantageous it the second monomer undergoes tree-radical polymerization with the first monomer in a manner that 
in corporates the alicyclic moiety in the polymer backbone. Examples of suitable monomers include maieimide mono- 
mi ers : and maleic anhydride monomers. Other monomers such as acrylate monomers, f umarate monomers, and acry- 
lonitrile mcnomers are also contemplated as suitable if polymerization takes place in the presence of a lewi6 acid. In 

to tri g embodiment of the invention in which the exposing radiation has a wavelength of 1 93 nm, it is advantageous if the 
m onomer is selected so that the resulting polymer contains a lithographically insignificant amount of ethylenic unsatu- 
raition or other functionality with an absorbance that Is too high at the wavelength of the exposing radiation. In the 
context of the present invention, "lithographically insignlflcanr means that the amount Is not sufficient tocause adverse 
lil hographic consequences. Maleic anhydride is an example of a monomer that is suitable for copolymer izal ion with 

15 thie alicyclic moiety to provide a polymer that is useful in lithographic processes in which the exposure wavelength is 
1 -93 nm. 

Since the above -described polymers are the result of free-radical alternating copolymerization, which is a one-to- 
one type of polymerization, the resulting copolymers are about 50 mole percent of the alicyclic monomer and about 
SO mole percent of the second monomer. For example, if the polymer is the polymerization product of norbornene and 
20 maloic anhydride tho resulting polymer has tho following general structure: 
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It is advantageous if the polymer is the polymer ization product of the two monomers specified above and at least 
one other monomer. The other monomer or monomers arc chosen to further enhance the performance of the resist 
materials in lithographic processes for device fabrication, in this regarti : factors such as aqueous base solubility ad- 
hesion promotion, and the absoroance of the other monomers at the wavelength of the exposing radiation are consid- 
35 ©red in making the selection. Other factors such as the glass transition temperature of the resulting polymer are also 
considered in selecting additional monomers. One skilled in the art will appreciate the various factors in considering 
ths monomers from which to form polymers which ara suitable lor use in the process of the present invention Suitable 
additional monomer or rnonomeis do not hinder the free ladical polymerization of the first and second monomer. Spe- 
cifically, the other monomer or monomers are selected so that the resulting polymer contains about five mole percent 
40 to about 50 mcle percent of these other monomers. Preferably the resulting polymer contains about five mote percent 
to about 45 mole percent of these monomers. Examples of these monomers include acrylic acid, methacrylic acid, and 
substituted or unsubstituted acrylates and methacrylates. 

It is also contemplated that the resist materials may be the polymerization product of more than three monomers. 
If more than three monomers are used, the fourth, fifth, etc. monomers are selected using the guidelines set forth 
45 above lor the selection of adoiticna! monomers. In one example, the polymer is the polymerization product of four 
monomers: the monomer with the alicyclic moiety maleic anhydride, the acrylic or methacrylic acid and the substituted 
or unsubstituted acrylate or methacrylate. Although there are two additional monomers in the polymer of this embod- 
iment, the polymer contains about five mole percent to about 50 mole percent of those additional monomers in total. 
Resist materials are formed by combining Ihe above-described polymers with other materials. In one embodiment 
50 of the present invention, the polymer has. to some Iraction of its monomer units, acid labile groups pendant thereto 
which render the polymer less soluble in a solution of aqueous base than it otherwise would be without such groups 
pendant thereto. In this embodiment, the polymer is comoined with a material that generates an acid when exposed 
to radiation (frequently referred to as photoacid generators (PAG)) to lorm the resist material. In another embodiment, 
the resist material is formed by combining the polymer which is relatively soluble in an aqueous base solution, a dis- 
ss solution inhibitor, and a PAG. In yet another embodiment., the resist material isformed by combining the polymer which 
is relatively insoluble in aqueous ba66 solution, in combination with a dissolution inhibitor and a PAG In all embodi- 
ments, the PAG generates photoacid when the resist is irradiated. The photoacid so generated, typically in conjunction 
with the application of heat (referred to as a post -exposure bake), promotes a chemical change that increases the 
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acjueous base solubility of the irradiated resist. 

In Ihe embodiment wherein Ihe resis. material ccrlhins the relatively insoluble polymer in curnainclbn wilh a PAG. 
il is advantageous if the polymer is a copolymer of the alicyclic •nonorr.er, the second monomer as previously described, 
and at least ore other monomer such as acrylic acid, methacryiic acid, and acrylates and methacrylates substituted 

5 with suitable groups including but net limited to, acid labile groups. This embodiment requires that an acid labile group 
b© pendant to the polymer to provide the polymer with the desired degree o1 insolubility in aqueous base before irra- 
di nation. Upon irradiation and post-exposure bake, a sufficient portion of these acid labile groups are cleaved to render 
th e polymer soluble in aqueous base. Therefore, if the acid laoile group is not pendant to the acrylate or methacrylate 
m onomers, it must b9 pendant to some other monomer U6ed to form the polymer, preferably the alicyclic monomer. 

io The monomers described above are advantageous because they do not interfere with the more favored free radical 

polymerization of the alicyclic monomer (e.g. norbornene) and the second monomer (e.g. maleic annydride). One 
example of a suitable copolymer is the polymerization proouci of a norbornene monomer a maleic anhydride monomer, 
and an acrylate or a methacryate monomer. One example of the above-described polymer is represented by the 
following structure. 

15 
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wherein n=about 0.95 to about 0.5. m=abojt 0.05 to about 0.5, and n+m=1. Embodiments wherein n=about 0.95 to 
about 0.75 and m=about 0.05 to about 0 25 are viewed to be advantageous. It is advantageous if n=0.65 to about 0.6 
and m-about 0.15 to about 0.2. X is either hydrogen or methyl. 

For the above polymer to be inherently insolubie in aqueous base, either R, FT or both are substituent group3 that 
30 provide the polymer with the desired insolubility. If one of either R of R' is a substituent that provides the polymer with 
the desired degree of insolubility, then the other of R or R' can be hydrogen. If R is the substituent intended to render 
the polymer insoluble in aqueous base solution, then R is an acid laeilc group. If R' is the substituent intended to render 
the polymer insoluble in aqueous base solution, then R' is an acid labile group. Examples of suitable acid labile groups 
include t-butyl, t-amyl, 1-methylcyclohexyl, 3-oxocyclohexyl, and bis(2-trimethylsilyl)ethyl, and other substituents that 
35 easily undergo cleavage of the acid labile group in the presence of the photoacid. In the presence of acid : these groups 
produce a free carboxylic acid and an acidolysis or acid-catalyzed hydrolysis byproduct. 

As noted above, the PAG generates an acid (the "photoacid" hereinafter) when the resist material is exposed to 
radiation. In this embodiment, the resist material is about 0.5 weight percent to about 20 weight percent (based on the 
weight of the resist material excluding solvent) PAG combined with the above -identified terpolymer. If the PAG content 
40 is above about 15 weight percent of the resist material: the optical density of the resist material may be too high and 
its presence above this concentration may hinder development. 

In the embodiment wherein the resist material is used in a lithographic process in which the wavelength of the 
exposing radiation has a wavelength of about 1 93 nm, the amount of PAG depends upon the composition of the PAG. 
If the PAG contains an aromatic moiety it is advantageous if the amount of PAG in the resist material is about 0.5 to 
*s about 4 weight percent because the aromatic unsaturation in those moieties absorbs radiation at this wavelength. In 
other embodiments wherein radiation of a different wavelength is used, or where a PAG which does not absorb a 
lithographically significant amount of the exposing radiation is used, more PAG. about 1 weight percent to about 20 
weight percent, is incorporated into the resist material. 

The pholoac id cleaves the acid labile groups from the polymer, typically during a post-exposure bake. The cleavage 
50 of these groups from the polymer causes the exposed resist material to be more soluble than the unexposed resist 
material in aqueous base solution. An aqueous base developer solution is then used to dissolve and remove the 
exposed resist material. The unexposed resist material is then used as a patterned mask for subsequent processing 
of the underlying substrate; typically for pattern transler into the substrate. 

In the embodiment of the present invention wherein the resist material contains a copolymer that is inherently 
55 soluble in aqueous base, a dissolution inhibitor, and a PAG. the polymer does not have acid labile groups pendant 
thereto. In this embodiment it is advantageous if the polymer is a copolymer of a cycloolefin such as substituted or 
un substituted norbornene, maleic anhydride, and at least one other monomer. If the cycloolefin is unsubstituted, then 
at least one of the other monomers should contain a free carboxyl ic acid. Acrylic acid and methacryiic acid are examples 
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of suitable monomers. II thecycloolefin is substituted with an acidic functionality such as a carboxylic acid group the 
oLher monomers ate not required lo contain a free carboxyltc acid functionality, in this embodiment, the dissolution 
in hibitor changes from relatively insoluble to relatively soluble when exposed to the photoacid and heat. 

In a third embodiment of the present invention, the resist materials contain the polymer that is inherently insoluble 
s b aqueous base in combination with a dissolution inhibitor and a PAG. In this embodiment, the contrast between the 
portion of the resist material that is exposed to radiation and the unexposed portion is enhanced because the aqueous 
bsase solubility of both the polymer and the dissolution inhibitor is altered by the acid generated by the PAG when the 
resist materia! is exposed to radiation and post -exposure baked. 

In the process of the present invention, generally, the resist material containing the components described generally 
io afcjove, is tormed into a film on the surface of a substrate that is typically a silicon wafer. The silicon wafer will typically 
hiave layers of other materials tormed thereon. These wafers, with or without layers of other materials formed thereon, 
a re referred to herein as substrates. 

The resist-coated substrate is then subjected to a patternwise exposure io radiation to delineate the image of a 
psdLlem into the energy-sensitive resist material a chemical agent, the photoacid generated in the course of the irradi- 
15 ation, effects a chemical change (typically upon heating), which enhances the aqueous base solubility of the irradiateo 
portion of the resist. The resist materials of the present invention are contemplated as useful in lithographic processes 
in which the exposing radiation is either ultraviolet radiation with a wavelength of about 190 nm to about 070 nm, x- 
ray radiatbn ; or electron beam radiation 

After the image of the pattern is delineated in the resist material, the image is developed into a pattern by exploiting 
20 the diffcrenco in aquooue base solubility botween tho cxpoeod resist material and tho unexposed rosict material. In 
the context of the present invention, the term 'exposed resist material 1 implies the portion of the resist whose aqueous 
base soluoility has been increased by exposure to the photoacid and, typically, heat. 

After the development, the pattern in the resist is transferred into the underlying substrate using conventional 
etching expedients well known to one skilled in the art. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

FiG. 1 illustrates a copolymer of f s 5-Dimethy-1,5-cyclooctadiene and maleic anhydride. 
FIG. 2 illustrates a copolymer of 5,6,-Dihydrodicyclopentadiene and maleic anhydride. 
30 FIG. 3 illustrates a copolymer of 1 ,5,-Cyclooctadiene and maleic anhydride. 

FiG. 4 illustrates a copolymer of norbornene. maleic anhydride, t-butyl acrylate : and acrylic acid. 

DETAILED DESCRIPTION 

35 The present invention is directed to a class of energy -sensitive resist materials that are useful in lithographic proc- 

esses for device fabrication. Processes for device fabrication which include lithographic steps have been described in 
treatises such as S M Sze, VLSI Technology, (McGraw-Hill pub. : 1983) and LF. Thompson at at., Introduction to 
MicrolithoQiaphv pp. 87-161 (Amei ican Chemical Society Symposium Series 21 9 1 983) which aieheieby incoi porated 
by reference. Lithographic steps typically include exposing and patterning energy definable materials such as resist 

40 materials. An image is first introduced into the resist and developed to form a pattern, which is then transferred into 
the substrate. 

The materials are energy-sensitive, i.e., energy induces a chemical change in these materials. When those ma- 
terials are exposed to either patterned radiation of the appropriate wavelength, e.g., UV light with a wavelength of 
about 190 nm to about 370 nm, x-ray radiation or particle beams such as electron beams in direct-write lithographic 
processes, the chemical change is induced to a significantly greater extent in the portion of the resist material that is 
directly exposed to radiation than in the portion of the resist material that is not directly exposed to radiation. In the 
context of the present invention, significantly greater moans that the chemical contrast induced by the patternwise 
©xposure is adequate to meet processing objectives. This chemical difference is exploited to deveiop the pattern in 
the energy-sensitive resist maleiial. The developed pattern is then used in subsequent processing, e.g.. transfer of 
so the developed pattern into an underlying substrate. 

Aqueous base solutions are typically used to develop patterns in energy sensitive resist materials. One common 
example of an aqueous base solution is an aqueous solution of tetramethy lammoni urn-hydroxide (TMAH) that is about 
0.05 M to about 0.5 M. although many other solutions are well known to one skilled in the art. 

In the positive-tone resist materials of the press nt invention, the material that is net exposed to radiation is relatively 
55 insoluble in the aqueous base developer solution relative to the material that is exposed to radiation. This difference 
in aqueous base solubility is effected either by manipulating the aqueous base solubility of the polymer in the energy 
sensitive material, or by manipulating the aqueous base solubility of a dissolution inhibitor in the energy-sensitive resist 
material. 



5 



EP 0 794 458 A2 



The energy-sensitive resist materials of the present invention contain a polymer with an aiicyclic moiety that is 
eiL her incorporated inlc Ihe polymer backbone oi pendant lo the polymer backbone v.a salt rated hydrocarbon linkages. 
In the context oi the present invention, the pdymer is described in terms of the molecules, known as monomers, which 
undergo polymerizaton to form the polymer. Generally, if polymers are tormed from monomers that all have the same 

5 ch emlcal structure and composition, they are referred lo as homoporymers. Polymers that are formed from two or more 
ch emically distinct types of mor,omers : e.g. acrylic acid and maleic anhydride are referred to herein as a copolymer. 

It is advantageous if the copolymers of Ihe present invention contain about twenty-five mole percent to about fifty 
msole percent of the monomers with the aiicyclic moiety. This monomer can be substituted or unsubstituted as previously 
described. In one embodiment of the present invention., the polymer ie a ccpolymer of the aiicyclic monomer and at 

to least one other monomer. The second monomer is selected lor its ability to copoiymerize with the aiicyclic monomer 
vis a free radical polymerization. It is advantageous it the second monomer undergoes free -radical polymerizai ion with 
the first monomer in a manner thai incoroorates the aiicyclic mo:ety In the polymer backbone. 

Whether a particular monomer will undergo the desired polymerization win the alicycl.c-moiety containing mono- 
mer depends upon ihe reactivity ratios of Ihe monomers and the relative amount of tne monomers in the reed compo- 

15 sition forthe polymerisation. These relationships are discussed generally in Polymer Handbook, chap. II 5 (Brandrup, 
J. et al. eds., 2nd ed., 1989). In order to achieve a polymer with roughly equal amounts of the aiicyclic monomer and 
the second monomer, the rate constants of the polymerization must be such that, whenever the first (i.e., the aiicyclic 
monomer) has been incorporated on the polymer chain, the resulting active end group will discriminate highly in favor 
of incorporating the second monomer compared to the first, and vice-versa. Such a result is obtained when the rate 

20 constant lor adding a tirst monomor is low who n the growing polymer chain torminatcs in tho first monomer but is high 
when the growing polymer chain terminates in the second monomer and when this same- relationship holds lor the 
second monomer. The ratio of these rale constants is relerred to as the reactivity ratio Since the desired result is 
obtained when the second rate constant is much higher than the first, reactivity ratios that approach zero are advan- 
tageous. Consequently, the second monomers that are contemplated as suitable for use in the polymers of the present 

25 invention possass reactivity ratios with the aiicyclic monomer that approach 2ero, and, with which tha aiicyclic mono- 
mers possess reactivity ratios that approach zero. 

Examples of suitable second monomers include maleirnide monomers, and maleic anhydride monomers. Other 
monomers such as aery late monomers : fumarate monomers, and aery Ion itrile monomers are also contemplated as 
suitable if the polymerization takes place in the presence of a iewis acid. In Ihe embodiment of the invention in which 

30 the exposing radiation has a wavelength of 1 93 nm , it is advantageous if the monomer is selected so that the resulting 
polymer contains a lithographically insignificant amount ol ethylenic unsatu ration or other functionality with an absorb- 
anccthat is too high at the wavelength of the exposing radiation. In tho context of the present invention, "lithographically 
insignificant" means that the amount is not sufficient to cause adverse lithographic consequences. Maleic anhydride 
is an example of a monomer that is suitable tor copolymerization with the aiicyclic moiety to provide a polymer that is 

35 useful in lithographic processes in which the exposure wavelength is 193 nm. 

It is advantageous if the polymer is the polymerization product of the two monomers specified above and at least 
one other monomer Tha other monomer or monomers are chosen to lunher enhance the performance of tha resist 
materials in lithographic processes far device fabrication. In this iegard : factors such as aqueous base solubility ad- 
hesion promotion, and the absorbance of the other monomers at the wavelength of the exposing radiation are consid- 

*o ered In making the selection. Other factors such as the glass transition temperature of the resulting polymer are also 
considered in selecting additional monomers. One skilled in the ari will appreciate the various factors in considering 
the monomers from which to form polymers which are suitable lor use in the process of the present invention. Suitable 
additional monomer or monomers do not hinder the free radical polymerization of the first and second monomer. Spe- 
cifically the other monomer or monomers are selected so that the resulting polymer contains about five mole percent 
to about fitty mole percent of those other monomers. Preferably tho resulting polymer contains about five mole percent 
to about forty-five mole percent of these monomers. Examples of suitable third monomers include acrylic acid, mettv 
ac rylic acid, acrylates and methacrytates. These monomers are either substituted or unsubstituted. As described below, 
these substituents, if present, can be used to provide Ihe polymer with advantageous properties. Since tho glass tran- 
sition temperature (T 9 ) of the alternating copolymer is high (i.e. on the order of about 300°C) Ihe acrylic acid and 

50 acrylate monomers are advantageous because the T g of the polymer is lower when these monomers are incorporated 
therein. 

It is also contemplated that the resist materials may be the polymerization product of more than three monomers. 
If more than three monomers are used, the fourth. fifth : etc. monomers are selecteo using the guidelines sot forth 
above for the selection of additional monomers. In one example, the polymer is the polymerization product of four 
55 monomers: the monomer with tho aiicyclic moiety, maleic anhydride acrylic acid or methacrylic acid, and a substituted 
or un6ubstitutedacrylate or methacrylaie. Although there are two additional monomers in the polymer of this embod- 
iment, the polymor contains about five mole percent to about fifty mole percent of these additional monomers in total. 

Resist materials are formed by combining the above-described polymers with other materials. In one embodiment 
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of the present invention the polymer has, to some fraction of its monomer units, acid labile grouos pendant thereto 
wJiich render the polymer less soluble in an aqueous base solution lhan il otherwise would be without such groups 
pesndani thereto. In this embodiment, the polymer is combined With a photoacid generator (PAG) to form the resist 
m aterial. In another embodiment: the resist material contains the polymer which is relatively soluble in an aqueous 

5 base solution, a dissolution inhibitor and a PAG. In yet another embodiment, the resist material contains the polymer 
w fiich is relatively insoluble in aqueous base solution, in combination with a dissolution inhibitor and a PAG. 

In thB above-described embodiments, the solubility of the resist composition in aqueous base solution is altered 
w hen the resist material is exposed to radiation. Since ihe resist materials of the present invention are positive resists, 
thi e aqueous base solubility of the exposed resist is greater than the aqueous base solubility of the resist that is not 

to exposed to radiation. If the ratio of the rate of dissolution of the resist before irradiation compared to that after irradiation 
is taken as t :n, n should be not be less than 2. Relative solubility ratios with values of n less than 2 typically produce 
low contrast and Inferior Image quality. 

In the embodiments of the present invention wherein the polymer Is inherently insoluble in aqueous base, the 
polymer has acid labile or free acid moieties pendant thereto which render the polymer insoluble. When the resist 

15 rn Fiterial is exposed to radiation, the photoacid generated by the PAG, typically in combination with a post-exposure 
base, removes a sufficient amount of these acid labile to render the polymer soluble in aqueous base solution. 

In the embodiment wherein the resist materia! contains the relatively insoluble polymer in combination with a PAG, 
it is advantageous if the polymer is a copolymer of the alicyclic monomer, the second monomer as previously described, 
and at least one other monomer such as the previously described acrylic acid, methacrylic acid, acrylates and meth- 

20 acrylates. This is because- thoso monomers do not intorforo with tho moro favored frco radical polymerization of the 
al icyclic monomer and the second monomer. One example of a suitable copolymer is the polymerization product of a 
norbornene monomer, a mateic anhydride monomer, and an acrylate monomer with a suitable acid labile group. An 
example of the polymer is represented by the following structure: 

25 
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wherein n=about 0.95 to about 0.5, m=about 0.05 to about 0.5, and n+m=1. Embodiments wherein n=about 0.95 to 
about 0.75 and m-about 0 05 to about O 25 are viewed to be advantageous It is advantageous if n=0.85 to about 0.6 
and nirabout 0.15 to about 0.2. 

For the above polymer to be inherently insoluble in aqueous base, either R, FT or both are substituent groups that 

40 provide the polymer with the desired insolubility. If one of either R of FT is a substituent that provides the polymer with 
the desired degree of insolubility, then the other of R or R' can be hydrogen. If R is the substituent intended to render 
the polymer insoluble in aqueous base solution, then R is an acid labile group. If R' is the substituent intended to render 
the polymer insoluble in aqueous base solution, then R' is an acid labile group. Examples of suitable acid labile groups 
include t-butyl, t-amyl, 1 -methylcyclohexyl, 3-oxocyclohexyl, and bis (2-trimethylsilyl)ethyl 1 and other substituents that 
easily undergo cleavage of the acid labile group in tho presence of acid. In the presence ol the photoacid, these groups 
produce a free carboxylic acid and an acidolysis or acid-catalyzed hydrolysis byproduct. In one embodiment, R* is H 
and R is one ol the acid labile groups specified above. 

As noted above, the PAG generates an acid when the resist material is exposed to radiation. In this embodiment, 
Ihe resist material is about 0.5 weight percent to about 20 weight percent PAG combined with the above-identified 

50 terpolymer. If the PAG content is above about 20 weight percent of the resist material, the optical density of the resist 
material may be too high and its presence above this concentration may hinder development. 

In the embodiment wherein the resist material is used in a lithographic process in which the wavelength of the 
exposing radiation has a wavelength of about 1 93 nm, the amount of PAG depends upon the composition of the PAG. 
It the PAG contains an aromatic moiety, it is advantageous if the amount of PAG in the resist material is about 0.5 to 

55 about 4 weight percent, because the othylenic unsaturation in these moieties absorbs radiation at this wavelength. In 
other embodiments wherein radiation of a different wavelength is used, more PAG, about 1 weight percent to about 
20 weight percent, is incorporated into the resist material 

The photoacid cleaves the acid labile groups or free acid groups from the polymer, typically during a post-exposure 



7 



EP 0 794 456 A2 



fc^ke. Thecleavsgeoi these acid labile groups from the ooiymer causes the exposed resist material to be more soluble 
lh em the unexposed resisl material in aqueous base solution. An aqueous base developer solution is then used lo 
d^soh/e and remove the exposed resist material. The unexposed resist material is then used as a patterned mask lor 
subsequent processing of the underlying substrate: typically tor pattern transfer into the substrate. 

5 In the embodiment of the present invention wherein the resisl material contains a copolymer lhat is inherently 

soluble in aqueous base, a dissolution inhibitor, and a PAG : the polymer does not have acid labile groups pendant 
th eretc. In this embodiment it is advantageous. if the polymer is a copolymer of a cycloolefin such a3 substituted or 
urnsubstituted norborneno, maleic anhydride, and at least one other monomer. As previously stated : the polymer in this 
embodiment mu6t have a free acid functionality. The free acid functionality can be provided by either the cycloolefin 

io m onomer, the other monomer(s), or a combination thereof. !f the free acid functionality is present on the norbornene 
m onomer, copolymers of norbornene and a second monomer are contemplated as suitable. The oihar monomers are 
et iher substituted or unsubstltuted, but the substitutents are not selected to significantly decrease the solubility of the 
polymer in aqueous base solution In this embodiment, the dissolution Inhibitor changes from relatively insoluble to 
relatively soluble when exposed to the acid generated by the PAG, and, typically, heal. 

15 If the dissolution inhibitor has acid labile substituenls which masks its aqueous base solubility, the dissolution 

inhibitor is used in conjunction with a PAG as previously described. In this embodiment the amount of PAG in the 
energy sensitive resist material is about 0,5 weight percent to about 4 weight percent and the amount of dissolution 
in hibitor in the energy-sensitive material is about 1 0 to about 40 weight percent. 

In a third embodiment of the present invention, the resist materials contain the polymer that is inherently insoluble 

20 in aqueous base in combination with a dissolution inhibitor and a PAG. In this cmbodimont, the ccntrast between the 
portion of the resist material that is exposed to radiation and the unexposed portion is enhanced because the aqueous 
base solubility of both the polymer and the dissolution inhibitor is altered by the acid generated by the PAG when the 
resist material is exposed to radiation and subjected to a postexposure bake. 

One example of a suitable copolymer is the polymerization product of a norbornene monomer, a maleic anhydride 

25 monomer, and two acrylate monomers The resulting polymer is represented by the following structure 



30 




35 

wherein r\- about 0.95 to about 0.5, nrwp=about 0.05 to about 0.5, and n+ir.+p=i. it is advantageous if n=0.85 toaoout 
O 55 and m+p ^about 0. 15 to about 0.45 For the above polymer to be inherently insoluble in aqueous base, either R, 
FT or both are substituent groups that piavide the polymer with the desired insolubility If one of eithei R of R' is a 
s ubstituent that provides the polymer with the desired degree of insolubility, then the other of R or R' can be hydrogen. 

40 it r is the substituent intended to render the polymer insoluble in aqueous base solution, thenR is an acid labile group. 
If R is the substituent intended to render the polymer insoluble in aqueous base solution, then R' is an acid labile group. 
In the embodiment wherein one of R and R' is an acid labile group and the other of R and R* is hydrogen, the relative 
amount ol m and p in the polymer is selected so that the polymer has the requisite degree of insolubility in aqueous 
base solution and has the requisite degree ol differential solubility between the exposed resist material and the non- 

45 exposed resist material. This polymer is used in the embodiments described above wherein the resist material is formed 
from either the relatively insoluble polymer and the PAG : or from the relatively insoluble polymer, a PAG, and a disso- 
lution inhibitor. 

An appropriate optica; density in the wavelength range of the exposing radiation significantly enhances resist 
quality. Too low an optical density results in inefficient absorption ol the exposing radiation and in unnecessarily long 
so exposure times. Too high an optical density does not permit sufficient light to reach the regions of the polymer film 
fu rthest removed from its ambient/resist film interface. This incomplete exposure tends todegrade resist image quality. 
In general, it is desirable to employ an optical density that is preferably less than 0.6 for at least 30 percent of the 
exposing radiation to reach the substrate at the exposure wavelength. 

The optical density depends on the concentration of the absorbing species in both the polymer and the PAG. Thus, 
once a suitable thickness for the resist material coating is chosen, the resist composition is adjusted to provide the 
desired optical density. For thicknesses as previously discussed in connection with film continuity if the desired optical 
density is maintained, useiul results are attained. 

In the process of the present invention generally, the resist material containing the resist material described gen- 
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eralty above, is formed into a film on the surface o1 a substrate that is typically a silicon wafer The silicon wafer will 
}y pically have layers of olhei materials formed thereon These walers. with or without layers of olher materials formed 
th ereon.are referred to herein as substrates. 

The thickness of the coating depends upon a variety of lactors such as the absorption of the resist, the quality of 
5 the film, and the effect of ihickness cn image resolution. Typically, the thickness of the resist is the range of about 0.2 
urn to about 2jim. 

After coating, the resist is preferably prebaked to remove any remaining solvent. Pre-exposure baking temperatures 
in the range of 70*C to 160°C for times in the range of about 0.5 to about 60 minutes are desirable. The resist materia! 
is then exposed to energy such as ultraviolet radiation with a wavelength of about 190 nm to about 370 nm, x-ray 
io radiation, or electron beam radiation. Typical doses in the range of 5 to 250 mJoules/cm 2 for 193 nm light are contem- 
platedas suitable. (Corresponding doses for electron beam and x-ray irradiation are contemplated.) Conventional 
exposure techniques are employed to delineate tne resist material. 

it Is then desirable to post -bake the axposad material. This post-bake enhances the reaction of, depending upon 
Ih e particular embodiment, the relatively insoluble polymer or the dissolution inhibitor with the pholoacid. Generally, 
is post-bake temperatures in the range of about 70°C to about 1 60°C for time periods of about 20 seconds to about 30 
m inutes are effective. Heating means such as a hot plate sold by Brewer Sciences are contemplated as useful. 

Solvents suitable lor developing the exposed image are materials such as water/tetramethylammoniurn hydroxide, 
water/NaOH. or tower alky! alcohol mixtures of lower aikyl alcohols such as isopropanol, ethanol and methanol with or 
v/ithout water. Generally, immersion in the developer for time periods from 20 seconds to 5 minutes produces the 
20 dosirod dolincation. 

After the development, the pattern in the resist is transferred into the underlying substrate U6ing conventional 
etching expedients well known to one skilled in the art. 

The choice of a particular dissolution inhibitor for use in the process of the present invention depends upon the 
wavelength of the exposing radiation and the absorption characteristics of the particular dissolution inhibitor. In proo- 
fs esses in which the wavelength of the exposing radiation is 246 nm, napthoquinone diaiide dissolution inhibitors such 
as those described in Reiser. A . Photoreactive Polymers. The Science and Technology of Resists, chapters 5 and 6 
(John Wiley & Sons, pub. 1989) and Dammel. R., Diazonapthoauinone-based Resists, (SPIE Optical Engineering 
Press 1993), which are hereby incorporated by reference, are contemplated as suitable. Diazides such as napthoqui- 
nonediazide and a pentaesler ol a hexahydroxyspirobifluorene with napthcquinone-2-diazide-5-sulfonic acid are ex- 
30 annples of such dissolution inhibitors. It is advantageous if the energy -sensitive resist material is about 10 to about 35 
weight percent dissolution inhibitor with a molecular weight of less than about 2000. 

The napthoquinone diazidc dissolution inhibitors absorb radiation at 248 nm and arc oven more absorbent at 193 
nrn. In fact, these dissolution inhibitors absorb too strongly to be incorporated into resist materials for use in processes 
in which the wavelength of the exposing radiation is 193 nm. Consequently, dissolution inhibitors that do not contain 
35 ethylenic saturation and are predominantly composed of alicyclic moieties are advantageous in the embodiment of the 
present invention in which the wavelength of the exposing radiation is 193 nm. Examples of suitable dissolution inhib- 
itors include bile acid esters derived from cholic acid, daoxycholic acid, ursocholic acid, and Irrhochoiic acid. The use 
of these dissolution inhibitors in lithographic process foi device fabrication is described in U.S. Patent No. 5 : 310,619 
to Crivello et al. and U.S. Patent No. 5,372,912 to Allen et al., both of which are hereby incorporated by reference. 

40 

Example 1 

A copolymer of norbornens and maleic anhydride was prepared using the following procedure. Unless otherwise 
specified, all of the reagents specified in the examples herein were obtained from Aldrich Chemical Co Norbornene 
(40.7 g; 432 mmol) was vacuum-transferred into a dry 500 mL Schlenk flask equipped with two PTFE-stoppered inlet 
valves and an efficient stir-bar. Freshly sublimed maleic anhydride {42 4 g; 432 mmol), 2 ) 2 , -azobisisobutyronithle (AIBN) 
(0. 706 g; 1 mole percent), and tetrahydrofuran (THF) (60 mL) were added under positive argon pressure. The mixture 
was degassed by three freeze-purnp-thaw cycles, sealed, and immersed in an oil bath at 65°C lor 24 hours. Upon 
cooling, the mixture was precipilaled into five volumes of dielhyl elher and filtered lo collect the polymer. The solid was 
SO redissoivod in acetone (100 mL) and precipitated into five volumes of diethyl ethor This process was repeated twice 
more. The polymer was collected via filtration and dried and 50*C under vacuum. 

Example 2 

55 A copolymer of 1 : 5 Dimethyl- 1 ,5-cyc'ooctadiene and maleic anhydride was prepared according to the following 

procedure. The resulting copolymer is depicted in FIG. 1. 1,5-Dimothyl-1,5-Cyclooctadiene (11 a; 1C2 mmol) was vac- 
uum transferred into a dry 100 mL Schlenk flask equipped with two PTFE-stoppered inlet valves and an efficient stir 
bar. Freshly sublimed maleic anhydride (1 0g ? 102 mmol), AIBN (0.164 g; 1 mole percent), and dioxane (30 mL) were 
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added under positive argon pressure. The mixture was degassed by three freeze-pump-thaw cycles, sealed, and im- 
mersed in an dl bain al65 D C lor 24 hours. Upon cooling, dioxane was removed under vacuum The polymer was ;hen 
reciissoK/ed in methyl ethyl ketone and the mixture was precipitated into five volumes of diethyl ether and liltered to 
collect the polymer. The solid was redissolved in 25 mL methyl ethyl ketone and precipitated into five volumes diethyl 
5 etrner. This process was repeated three times :n total. The polymer was collected in the fnal filtration and dried at 50°C 
under vacuum. 

Example 3 

io Acopolymer of 5.6,-Dinydrod cyclop9ntadiene and maleic anhydride was prepared according to the following pro- 

cedure. The copolymer is depicted in FIG. 2. 5,6 : -Dihydrod'icyclopentadiene (10 g; 75 mmol) was vacuum -transfer red 
intoadry 100 mL Sen! enkflask equipped with two PTFE-stoppered inlet valves and an efficient stir bar. Freshly sublimed 
maleic anhydride (7.3ig; 75 mmol), A1BN (0. 122 g; 1 mole percent), and THF (17 mL) were acded under positive argon 
pressure. The mixture was degassed by Ihiee freeze -pump-lhaw cycles, sealed and immersed in an oil bath al 65 C C 

is for 24 hours. Upon cooDng, the mixture was added into 5 volumes of diethyl ether and filtereo to collect the polymer. 
The polymer was then redissolved in methyl ethyl ketone (25 mL) and the mixture was precipitated into five volumes 
of diethyl ether. This process was repeated two more times. The polymer was collected in the final filtration and dried 
at S0 9 C under vacuum. 

20 Example 4 

Acopolymer of 1 ,5,-Cyclooctadiene and maleic anhydride was prepared according to the following procedure. The 
copolymer is depicted in FIG. 3. 1 ; 5,-Cyclooctadiene (11 g; 102 mmol) was vacuum -tran starred into a dry 100 mL 
Schlenk flask aqjipped with two PTFE-stoppered inlet valves and an efficient stir bar Freshly sublimed maleic anhy- 

25 dri da [1 0 g: 1 02 mmol). Al BN (0 1 64 g: 1 mois pe rcant), and dioxana (30 m L) were added under positive argon pressure 
The mixture was degassed by three freeze-purnp-thaw cycles sealed, and immersed in an oil bath at 65* C for 24 
hours. Upon cooling, the dioxane was removed under vacuum, the polymer was redissolved in methyl ethyl ketone, 
and the mixture was precipitated into 5 volumes of diethyl ether and filtered to collect the polymer. The polymer was 
then redissolved in methyl ethyl ketone (25 mL) and the mixture was precipitated into five volumes of diethyl ether. 

30 This process was repeated two more times. The polymer was collected in the final filtration and cried at 50"C under 
vacuum. 

Example 5 

35 A terpoiymer of norbornene, maleic anhydride and acrylic acid was synthesized according to the following proce- 

dure. Norbornene (40.34 g; 428 mmol) was vacuum -transferred into a dry 500 mL Schlenk flask equipped with two 
PTFE-stoppered inlet valves and an efficient stir-bar. Freshly sublimed malaic anhydride (34 63 g; 353 mmol), distilled 
acrylic acid (5.14 mL; 75 mmol), AIBN (0 703 g; 1 mole peicent). and THF (100 mL) weie added under positive aigon 
pressure. The mixture was degassed by three freeze -pump-thaw cycles, sealed, and immersed in an oil bath at 65°C 

40 for 24 hours. Upon cooling, the mixture was precipitated into 5 volumes of diethyl ether and filtered to collect the 
polymer. This process was repeated two more times. The polymer was collected in the finai filtration and dried at 50°C 
under vacuum. 

Example 6 

45 

Resist materials were prepared by combining the copolymer of norbornene : acrylic acid and maleic anhydride 
described in Example 5 with cyciohexanone. The resulting solution was about 11 to 14 weight peicent polymer. A 
dissolution inhibitor, t-butyl lithocholate or t-butyi deoxychoiale, was added to the solution in an amount that was about 
25 percent by weigh I relative lo the weight of the poiymer in the resist material. A pholoacid generator (PAG), Iriphe- 

50 ny Isulfonium tr'rfluoromethanesulfonate was added to the solution in an amount that was about one percent by weight 
percent relative to the amount of polymer in the solution The solution was filtered using PTFE membranes with an 
average pore size that was less than 0.2 um. 

The solution was then spun at 2000 RPM onto HMDS-primed silicon wafers with diameters of 4 inches. 5 inches, 
and 6 inches. The coated waters were baked at 1 20°C for 60 seconds on a hot plate. The resist films had a thickness 

55 ranging from about 0.6 urn to about 0.9 uju The films were then patternwise exposed to radiation at a wavelength of 
248 nm using a Suss Mod9l MA56A contact aligner equipped with a Lamda Physik excimer laser or a GCA XLS 
LaserStep® deep UV exposure tool. The exposure dose was varied systematically from about 0.25 to about 40 mJ/ 
crn2 The clearing dose was varied from about 3 to about 5 mJ/cm 2 depending upon the precise formulation. 
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The exposed films were then baked at i 20°C to U0°C for one to two minutes. Tine patterns were then developed 
in an aqueous base solution (0.262 N solution of lelrarnelhylammonium hydroxide (TMAH)) for about 3 minutes. The 
developed resist defined features as small as 0.25 }jm when the exposure dose was about twice The clearing dose. 
One skilled in the an will appreciate that the selection of a suitable exposure does will depend upon th6 particular resist 
s rn aierial that is used, as well as other process variables. 

E sample 7 

A copolymer of norbornene, nnaleic anhydride t-buty! acrylate and acrylic acid was synthesized according to the 
to following procedure. Norbornene (16.4-1 g: 174 mmol) was vacuum-transferred into a dry 500 mL Schlenk flask 

equipped with two PTFE-stoppered inlet valves and an efficient stir-bar. Freshly sublimed maleic anhydride (17.09 g; 

174 mmol). distilled t-butyl acryiate (4.46 g; 34.8 mmol). and distilled acrylic acid (2.51 g; 34.8 mmol), AIBN (0.286 g; 

t mole percent), and THF (40 mL) were added under positive argon pressure. The mixture was degassed by three 

(feedpump-thaw cycles, sealed, and immersed in an oil balh at 65°C for IB hours. Upon cooling, the mixture was 
is precipitated into 5 volumes of diethyl ethor and filtered to collect the polymer Upon cooling, the mixture was precipitated 

into 5 volumes of diethyl ether and filtered to collect the polymer. This process was repeated three more times. The 

polymer was collected in the final filtration and dried at 50°C under vacuum. 

ExamploS 

20 

Resist mate rials were prepared by combining the copolymer of norbornene. t-butyl acrylate : acrylic acid and maleic 
anhydride described in Example 7 with propylene glycol methyl ether acetate The resulting solution was about 14 
weight percent polymer. A photoacid generator (PAG), diphenyliodonium tntluoromethanesulfonatG was added to the 
solution in an amount that was about one percent by weight percent relative to the amount of polymer in the solution. 

25 The solution was filtered using PTFE membranes with an average pore size that was less than 0.2 urn. 

The solution was then spun at 2000 RPM onto HMDS-piimed silicon wafers with diameters of 4 inches, and 6 
inches. The coated wafers were baked at 120°C for 60 seconds on a hot plate. The resist films had a thickness of 
about 0.7 u-m. The films were then patternwise exposed to radiation at a wavelength of 24S nm using a Suss Model 
MA56A contact aligner equipped with a Lamda Physik excimer laser or a GCA LaserStep® deep 'JV exposure tool. 

30 Th e exposu re dose was varied syst ematically from about 0 . 5 to about 40.5 m Jfcm 2 . The resolution dose was determined 
to be about 40 mJ/cm 2 . 

The exposed films were then baked at 120°C for two minutes. The patterns were then developed in an aqueous 
base solution (0.262 N solution of tetramethylammoniurn hydroxide (TMAH)) lor about 2.5 minutes. The developed 
resist defined features as small as 0.25 urn 

35 

Example 9 

Resist materials were prepared by combining th e copolyrnei of norbor nene, acrylic acid, t-butyl aciylate, and ma laic 
an hydride described in Example 7 with propylene glycol methyl ether acetate. The resulting solution was about 12.5 

40 weight percent polymer. A dissolution inhibitor t-butyl llthocholate or t-butyl deoxycholate, was added to the solution 
in an amount that was about 25 percent by weight relative to !he we ight of tha polymer in the resist material. A photoacid 
generator (PAG) : diphenyliodonium trifluoromethanesulfonate or diphenyliodonium nonafluorobutanesulfonate.. was 
added to the solution in an amount that was about one percent by weight percent relative to the amount of polymer in 
th© solution. The solution was filtered using PTFE membranes with an average pore 6ize that wa6 less than 0.2 um 

4S The solution was then spun at 2000 RPM onto HMDS-primed silicon wafers with diameters ol 4 inches and 6 

inches. The coated wafers were baked at 120°C for 60 seconds on a hot plate. The resist films had a thickness ot 
about 0.7 urn. The films were then pattornwise exposed to radiation at a wavelength cf 248 nm using a Suss Model 
MA56A contact aligner equipped with a Lamda Physik excimer laser or a GCA LaserStep® deep UV exposure tool. 
Th e exposure dose was varied systematically from about 1 to about 81 mJ/cm 2 . The resolution dose was found to be 

so 40 mJ/cm 2 in the resist that contained trifluoromethanesuifonate PAG and 60 mJ/cm 2 lor the resist that contained the 
nonafluorobutanesulfonate PAG. 

The exposed films were then baked at 120°C for two minutes. The patterns were then developed in an aqueous 
base solution {0.262 N solution of tetramethylammoniurn hydroxide (TMAH) for about 2.5 minutes. The developed 
resist 6&t\ned features as small as 0.25 Mm. 

55 One skilled in the art wilt appreciate that the selection of a suitable exposure does will depend upon the particular 

resist material that i6 used : a6 well as other process variables. 
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A process lor device fabrication comprising: 

forming a layer of an energy sensitive resist materal on a substrate wherein the energy sensitive resist material 
comprises a radiation sensitive material and a polymer which is the polymerization product of monomers, 
wherein about 25 moie percent to about 50 mole percent of the monome r s incorporated into the polymer have 
an alicyclic hydrocarcon moiety that is either incorporated into the polymer backbone or pendant to the polymer 
backbone via a saturated hydrocarbon linkage; 

exposing the layer of energy sensitive resist material to patterned radiation selected from the group consisting 

of ultraviolet radiaiion, x-ray radiation, and electron beam radiation thereby introcucing an image of the pattern 

Into the resist material; 

developing the Image Into a pattern; and 

transferring the pattern into the underlying substrate. 

The process of claim 1 wherein the polymer is the polymerization product of the alicyclic hydrocarbon moiety- 
containing monomer and a second monomer which polymerizes via a free radical poly menzat ion with the alicyclic 
hydrocarbon moiety- containing monomer 

Tho orocoss of claim 2 whoroin tho second monomer is soloctod from tho group cone.eting of acrylata monomorc 
fumarate monomers, acrylonitrile monomers, maieimide monomers, and maleic anhydride monomers. 

The process of claim 3 wherein the polymer is the polymer rzation product of the alicyclic hydrocarbon moiety- 
containing monomer, the second monomer and a third monomer that is selected from the group consisting of 
acrylic acids, methacrylic acids acrylates, and methacrylates 

The process of claim 3. wherein the alicyclic hyd'ocarfcon moiety-containing monomer is selected from norbomene, 
1 ,5-dimethyl-1 ; 5-cyclooctadiene,5,6,-dihydrodicy1copentadiene : and 1,5-cyclooctadiene. 

The process of claim 5 S wherein the polymer is about 25 to about 50 mole percent of the maleic anhydride monomer; 
and wherein the U.V. radiation has a wavelength for example of about 193 nm. 

The process of claim 4, wherein the polymer is the polymerization product of norbornene, maleic anhydride, the 
third monomer, and a fourth monomer wherein the polymer has the following structure: 



wherein X is either hydrogen or methy;, wherein n is about 0 95 to about 0 5, m + p is about 0.05 to about 0.5 and 
n + m+ p is equal to one, wherein R R' : or both are hydrogen and the polymer is soluble in aqueous base solution. 

The process of claim 4. wherein the third monomer is selected either from the group consisting of acrylic acid and 
melhacrylic acid and the polymer has thy fallowing structure 
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wherein Y is the alicyclic hydrocarbon moiety-containing monomer, X is either hydrogen or methyl and wherein n 
isaboul 0.95 loabouiO.5, m is about 0.05 lo about 0.5 and n + m is equal lo one; 

or is selected from the group consisting of acrylates find methacrylates and the polymer has the following 
structure: 




wherein Y is the alicyclic hydrocarbon moiety-ccntaining monomer, X is either hydrogen or methyl and wherein n 
is about 0.95 to about 0.5, m is about 0,05 to about 0.5 and n ■+ m is equal to one wherein R and R' are either acid 
labile groups or hydrogen and wherein et least one of R and R' is an acid labile group wherein the amount of the 
acid labile groups on the polymer is sufficient to render the polvmcr insoluble in aqueous baeo solution. 

9. The process of claim 2, wherein the alicyclic hydrocarbon moiely-containing monomer either has substituent groups 
pendant thereto selected from the group consisting of alkyl groups, carbony I groups, carboxylate groups and nitrite 
groups and wherein the substituent groups do not significantly absorb the exposing radiation, or has carboxylate 
groups pendant thereto and the amount of carboxylate groups pendant to the polymer is sufficient to render the 
polymer insoluble in aqueous base solution. 

10. The process of claim 8. wherein the acid labile groups are selected from the group consisting of 1-butyl, t-amyl : 
1 -methoxycyclohexyl, 3-oxocyclohexy!, and bis(2-trimethylsilyl)ethyl. 

11 . The process of claim 8, wherein n is about 0.65 to about 0.8 and m is about 0. 1 5 to about 0.2. 

12. The process of claim 4, wherein the polymer is the polymerization product of norbornene, maleic anhydride, the 
third monomer, and a fourth monomer wherein tne third monomer is selected from the group consisting of acrylates 
and rnethacrylates and the polymer has the following structure 




wherein X is either hydrogen or methyl and wherein n is about 0.95 to about 0.5, m + p is about 0.05 to about 0.5 
and n + m + p is equal to one wherein R and R' are either acid labile groups or hydrogen and wherein at least one 
of R and R' is an acid labile yroup wherein the amount of Ihe acid labile groups on the palyrner is sufficient lo 
render the polymer insoluble in aqueous base solution. 

13. The process of claim 19 wherein the acid labile groups are selected from the group consisting of t-butyl. t-amyl, 
1 -methoxycyclohexyl, 2-oxocyclohexyl, and b is(2-trim ethyls ilyl)ethy I. 

14. The process of claim 5,7,5 or 1 3, wherein the resist material further comprises a dissolution inhibitor, wherein the 
amount of the radiation sensitive material or phoioacid generator in the resist material is about 0.5 to about 20 
weight percent the resist material and the amount ot dissolution inhibitor in the resist material is about 10 to about 
40 weight percent. 
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IS. The process of claim 14. wherein n is about 0.85 to about 0.55 and m + p is about 0. 15 to aboui 0.45 
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(54) An energy-sensitive resist material and a process for device fabrication using an 
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(57) The present invention is directed to a process 
lor device labrication and resist materials that are used 
in the process. The resist material contains a polymer 
that is the polymerization product of a monomer that 
contains alicyclic moieties and at least one other mon- 
omer The potymer is formed by free radical polyrneii- 
7atian, and The resulting polymer either has alicyclic 
moieties incorporated into the polymer backbone or 
pendant to the polymer backbone via saturated hydro- 
carbon linkages. Other monomers are selected lor po- 
lymerization with the alicyclic moiety-containing mono- 
mer on the basis of the ability of the monomer to copo- 
ryrnerize by free radical polymerization. Although the 
polymers are contemplated as useful in resist materials 
that are sensitive to radiation in the ultraviolet, and x-ray 
wavelengths as well as sensitive to electron beam radi- 
ation, the polymers are particularly advanlageous for 



use in process in which the exposing radiation is 193 
nm, becausB the amount ol ethylenic unsaturation in 
ihese resist materials is low. 

In one embodiment, the resist material contains the 
polymer in combination with a dissolution inhibitor and 
a photoacid generator (PAG). In another embodiment, 
the polymer has acid labile groups pendant thereto 
which significantly decrease the solubility of the polymer 
in a solution ol aqueous base. In cither embodiment, a 
film of the resist material is formed on a substrate and 
exposed to delineating radiation. The radiation induces 
a chemical change in the resist maierial rendering the 
exposed resist material substantially more soluble in 
aqueous base solution than the unexposed portion ol 
the resist material. The image introduced into tho resist 
material is developed using conventional techniques, 
and the resulting pattern is then transferred into the un- 
derlying substrate. 
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